Twelve stock and 15 freshly isolated strains of Mycoplasma pulmonis were examined and compared using four serological techniques. Complement fixation tests and inhibition of growth on solid medium showed that the strains were all M . pulmonis, although, with some strains, only one of these techniques gave an unequivocal result. These tests were confirmed to be specific only at a species level. Gel diffusion and metabolic inhibition techniques revealed heterogeneity of the strains at the subspecies level. The relationship between some strains was statistically significant and stable in vitro and some small groups could be defined.
cholesterol and it was omitted from the medium used for the production of antigens for injection.
Antigens for complement fixation and gel diflusion tests. Log-phase cultures were used to inoculate liquid medium to which had been added I % (w/v) glucose and 0.002% (w/v) phenol red. The medium was incubated at 37 "C until the colour change in the medium indicated a drop of 0.5 pH unit. Organisms were harvested by centrifugation at 334008 for 30 min and then washed three times with phosphate-buffered saline (PBS) (pH 7.2) at 46 5008 for 20 min. The pellet was finally suspended to 1/200 of the original volume in PBS with added calcium and magnesium salts (Grist, Ross, Bell & Stott, 1966) . This suspension was disrupted for 10 min in an MSE 60 W ultrasonic disintegrator and was stored at -20 "C.
Cultures for metabolic inhibition tests. Log-phase cultures were distributed in small portions and stored at -70 "C. When required, a portion was thawed and diluted in broth containing glucose and phenol red, to give a suspension of organisms which, by preliminary testing, was known to produce a colour change corresponding to 0.5 pH unit, after approximately 3 days of incubation at 33 "C.
Antigens for immunization of rabbits. Strains of mycoplasmas were cloned at least three times and were then passaged three times in rabbit serum medium to remove heterologous protein from the material to be used for immunization. Log-phase organisms were harvested and washed three times i n PBS and finally resuspended in PBS to I~I O O of the original culture volume. The antigen was either used immediately or stored at -20 "C prior to use.
Immunization schedules. A I ml sample of whole organism suspension was emulsified with I ml of Freund's complete adjuvant. The rabbit was bled by cardiac puncture to obtain pre-immune serum and was then given I ml of antigen-adjuvant mixture intramuscularly into each hind leg. After 3 weeks the animal was given a further injection of 0.5 ml of organism suspension intravenously. Intravenous injection was repeated at weekly intervals until an immune serum, satisfactory as measured by the growth inhibition and gel diffusion tests, was obtained. A short immunization schedule was preferred, to avoid producing a less specific antiserum.
Inhibition by immune serum of growth on solid medium. The method used was that of Clyde (1964) . Agar plates were flooded with broth culture diluted so as to give, following incubation, a semiconfluent growth of mycoplasmas. The plates were dried and sterile filter-paper discs of 6 mm diameter impregnated with 0.02 ml of unheated immune antiserum were placed on the surface of the agar. Discs either untreated or impregnated with preimmune rabbit serum were used as controls. The plates were incubated at 37 "C for 3 days, or until colonies were visible. When viewed by reflected light, the width of the zones of inhibition round the paper discs was measured from the edge of the disc to the nearest colonies. Tests of inhibition of growth of a particular strain by all the antisera shown in Table I were set up on m e day using one suspension so that the results would be directly comparable.
Complement fixation (C.F.) test. The method used was that of Bradstreet & Taylor (1962) as modified by Grist et al'. (1966) . Antigens and inactivated antisera were titrated in a chessboard fashion and the results were recorded at a 75 yo end point. was held for a longer period of time. This made the test easier to read and a more accurate determination of the maximum serum titre was obtained.
Agar-gel dzgiusion. The antigen used contained approximately 2 to 3 mg proteinlml. The gels of I yo Ionagar no. 2 in water were poured on lantern slides and patterns were cut to produce wells 3 mm in diameter and 2 mm deep with their centres 10 mm apart. The gels were incubated in moist conditions for 48 h at room temperature and line development was recorded at 24 and 48 h.
R E S U L T S
Inhibition of growth on solid medium. Typical results of tests with strains for which homologous antisera were available are shown in Table I. The Table should only be read horizontally as the zone sizes produced by a particular serum varied with the homologous strain from test to test (Clyde, 1964; Fallon & Jackson, 1967) although the relationship between the zone sizes produced by the various sera with a given strain tended to be the same. The results with one strain therefore should be regarded as a complete test (see above). In most, but not all, instances a serum produced the greatest zone of inhibition with the homologous mycoplasma. No clear-cut groupings were evident from this test, which is only specific at the species level, but it is noteworthy that a serum of low potency, such as that to strain 47, would fail to identify a number of the other strains as Mycoplasmapulmonis, and also that strains G and ~2 appear to be very different as neither serum inhibited the growth of the other strain.
The finding that homologous serum tends to produce a larger zone of inhibition of a mycoplasma has also been reported by Taylor-Robinson & Berry (1969) . When a heavy inoculum was used to produce confluent growth, but not heavy enough to inhibit zone production, some strains formed a ring of precipitation with a few of the more potent antisera. This phenomenon was previously recorded by Dinter & Taylor-Robinson (I 969), who observed multiple rings and correlated the number of rings with the sensitivity to antibody of the strains of Mycoplasma hyorhinis which they examined. If growth was confluent, we often noted resistant colonies growing in the zone of inhibition. When selected, these colonies gave rise to another population of mixed sensitivity. This phenomenon has been described and investigated by Hayflick & Stanbridge (1967) . In the present study the sensitivity of resistant colonies was checked to ensure that a mixture of species had not occurred. Freshly isolated strains of M. pulmonis were inhibited by the antisera listed in Table I with widely differing zone sizes. Again, some were so small that it might have been difficult to classify the strain as M. pulmonis if only one antiserum had been used. Complement jixation test. The relationships between I 5 strains of Mycoplasma pulmonis were examined by this test. The unrelated strains M. neurolyticum and M . fermentans were included as controls. These 17 strains of mycoplasmas were examined with antisera to I I strains of M. pulmonis. The results are shown in Table 2. A twofold difference on either side of the average titre was allowed for experimental error. Some strains seemed more closely related than others, but as found by Lemcke (1964) C.F. did not differentiate strains below species level. It is worth noting that some heterologous reactions, e.g. antiserum to strain 880 with Cheng antigen, were of the same order as with the unrelated species Mycoplasma fermentans. This suggests that C.F. should not be used alone as a method of species identification.
Efect of heat on C.F. antigens. Six strains of Mycoplasma pulmonis were examined for the presence of a heat-stable, type-specific antigen of the kind described by Deeb & Kenny (1967) . These authors found such an antigen in the strains 63,47 and Kon in that the boiled antigens, which were organism concentrates held at 100 "C for 30 min, were as active in the homologous reaction as untreated antigens, but there was a decrease in antiserum titre of four-to eightfold in heterologous reactions. In the present investigation results shown in Table 3 illustrate that the antiserum titres in both homologous and heterologous reactions were reduced when 'boiled' antigens (sonicates held at IOO "C for 30 min) were used. In only one instance when strains 63 and 47 were tested with antiserum to 63, was there evidence of a heat-stable, type-specific antigen in strain 63. These results do not therefore confirm the findings of Deeb & Kenny (1967) .
Metabolic inhibition (M.I.) test. The results of tests with nine strains and their antisera are Serological heterogeneity of M. pulmonis 505 shown in Table 4 . Serum titres never varied by more than one dilution from the mean in repeated tests, a degree of variation similar to that noted by Gourlay & Leach (1970) in studies with strains of Mycoplasma dispar sp.nov. In some instances the homologous reaction gave the highest serum titre, but some strains were inhibited to a greater extent by heterologous sera, e.g. Ash serum had a titre of 8192 with Ash but 32000 with strain G . Evidence for relationship between strains was looked for on the basis of reciprocal inhibition of growth of strains by their antisera and the results were analysed statistically by the method of Alling ( I 967) (Table 5 ). Overall, dissimilarities were more evident than similar groupings, but the following strains appeared to be closely related: Kon and ~5 0 ; Ash, 63 and Cheng; 880, 63 and Cheng; and possibly G , Ash and 63 (just outside confidence limits). An interesting finding was that freshly isolated strains tended to be inhibited by higher dilutions of serum than the established strains of M . pulmonis (Table 6. ).
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Agar-gel dzflusion. Homologous reactions, between an individual strain and the antiserum raised to it, were frequently more dense than heterologous reactions and were thus more distinct. This confirmed the results of Fallon & Jackson (1967) .
The extent of cross-reaction between strains of Mycoplasma pulmonis in the gel diffusion test, however, was found to vary. Some strains reacted specifically with their own antisera and crossover with others was negligible (Fig. I) . Some strains shared minor antigens as indicated by fine lines of identity, whilst others shared major antigens indicated by heavy lines of identity (Fig. 2 ) . The relationship between other strains was less well defined, especially if a weak antiserum was used. It was important therefore to use a potent antiserum for the examination of strains by this method.
The difficulty of interpreting diffusion patterns, i.e. deciding which line represented the strain specific antigen, could not be resolved; e.g. at a dilution of I in 2, antigens of Kon and ~5 0 could be distinguished in their reaction to Kon, but at a dilution of I/S the two strains seemed identical (Fig. 3) , i.e. the distinguishing antigen did not appear to be a major antigen.
Heat-stability of antigens. Several strains of Mycoplasma pulmonis were investigated to see if the gel diffusion antigens were heat-stable (i.e. stable to holding at IOO "C for 30 min). (3); (6) diluted I in 2 : Kon (4) and ~5 0
( 2 ) ; (c) diluted I in 4: Kon (6) and ~5 0 (8); ( d ) diluted I in 8 ; Kon (9) and ~5 0 (7). 
TUCK
The major precipitating antigen of most strains was heat-stable and there was no change in the precipitation patterns following heating; e.g. strains Negroni and B had identical precipitation patterns whether the antigens were unheated or heated (Fig. 4) . Strains Kon and ~5 0 shared a heat-labile antigen which reacted with antiserum to Kon (Fig. 5) . Trypsin treatment of antigen. Prior treatment of antigens with trypsin abolished the precipitation reaction, thus showing that the major antigens were proteins.
Some strains gave strong reactions in gel diffusion tests and shared major antigens. Relationship was accepted if strains shared at least one major precipitation line. On this basis, strains which seemed closely related fell into three groups ( Table 7) . The strains in the three groups did not all have strong two-way relationships with fellow group members. Some strains possessed antigens which were shared with members of more than one of these groups, but none of the shared antigens was a major antigen.
DISCUSSION
Species identification in mycoplasmas may be achieved with relative ease, but only a few species have been studied at the subspecies level and these species seem to vary in their degree of intraspecies heterogeneity. Mycoplasma hominis has clearly been shown to have distinguishable subtypes (Somerson, Reich, Walls, Chanock & Weissman, I 966, Purcell et al. 1967; Hollingdale & Lemcke, 1969) . Cottew & Leach (1969) showed, in studies on M . mycoides var. mycoides and M . mycoides var. Capri, that among these strains there are some with lesser degrees of relationship than others. Recently Taylor-Robinson, Martin-Bourgon, Watanabe & Addey (1971) have shown that T-strain mycoplasmas isolated from various animal species can be distinguished by serological techniques, though similar in their special ability to metabolize urea and in their polyacrylamide-gel patterns. Other mycoplasma species are principally defined on the basis of serological techniques with metabolic differences playing only a crude identifying role. Further investigations are required to establish the criteria for species and subtypes so that the same standards for identification will apply to all the strains of mycoplasmas being studied.
In the present study both serological and electrophoretic (Forshaw, 1972 ) methods were used. As detailed in Results, complement fixation and growth-inhibition tests showed no intraspecies groupings, but the metabolic inhibition test indicated possible relationships between the few strains. Fallon & Jackson (I 967) could distinguish between several strains of Mycoplasma pulmonis on the quantitative difference between homologous and heterologous serum titres, and suggested that this might be used as a method of recognizing groups within the species. When examined by the metabolic inhibition test, however, only a small number of the strains of M. pulmonis used in the present study seemed to be related, while all others were unrelated, indicating a wide degree of heterogeneity within the species. Freshly isolated strains were very susceptible to the action of antiserum in the metabolic inhibition test. The reason for their sensitivity is unknown.
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The gel-diffusion test has been used previously in identification and classification studies (Taylor-Robinson, Somerson, Turner & Chanock, 1963 ; Lemcke, 1964 ; Fallon & Jackson, 1967) . We have used the test to analyse the qualitative relationships between strains. Different degrees of relationship were recorded and groups of related strains were suggested. A number of strains, however, were not related to each other. The fact that strains could be distinguished without the necessity for preparing heated antigens is at variance with the findings of Deeb & Kenny (1967) .
Further studies were made on soluble and membrane antigens of several strains of Mycoplasmapulmonis to see if strain specificity could be associated firmly with one or other fraction. Clear-cut relationships could not be established using the antigens prepared, since it was not found possible to prepare one fraction free from contaminating amounts of the other.
In summary, the results of the present investigation have shown that all the isolates of Mycoplasma pulmonis were related, although individual tests may not have given this impression. Serological analysis produced some groups of strains which were not always distinct from one another, because some strains shared antigens with members of more than one group. With the exception that Ash and 63 fell into the same group, both by the electrophoretic and metabolic inhibition technique, the groups of strains with similar electrophoretic patterns (Forshaw, 1972) were not the same as those formed from the results of the serological studies. This is not unexpected, since in the serological studies, antigens are being analysed, whereas in the electrophoretic studies, extracted proteins are being analysed .
Small variations in the protein make-up of the organisms may not be detectable by electrophoresis but may be detected by more specific serological methods. However, electrophoresis is speedy, and straightforward to perform without the necessity for preparing specific antisera, and provided that a range of standard patterns is available for comparison, species identification should easily be made.
The reproducibility of the serological results together with the electrophoretic results indicate that there are recognizable stable differences between strains of Mycoplasma pulmonis under laboratory conditions. The subdivision of any microbial species depends on the presence of such reproducible differences. It would, however, be of considerable interest to passage in vivo strains of M. pulmonis which have been well characterized by the techniques described, in order to assess the stability of these characteristics under natural conditions, and to determine which tests (including electrophoresis) were of greatest value in recognizing similar strains as an aid to epidemiological studies.
